Use of green and biodegradable catalyst in organic synthesis is undeniable. Easy access, inexpensive, natural and green catalysts are valuable. In this study, a green procedure by using pectin as a green and natural catalyst for the one-pot synthesis of dihydro-2-oxopyrroles and 3,4,5-trisubstituted furan-2(5H)-ones at ambient temperature in aqueous media has been developed. This methodology has some advantages such as: use of a hetero polysaccharide as a easy access and biodegradable catalyst, clean work-up and no need to column chromatography.
INTRODUCTION
Pectin is one of the major plant cell wall components and probably the most complex macromolecule in nature, as it can be composed out of as many as 17 different monosaccharides containing more than 20 different linkages [1] [2] [3] . Pectin is used in foods mainly as gelling, stabilizing, or thickening agent in products such as jam, yoghurt drinks, fruity milk drinks, and ice cream [4] . Most of the pectin used by food industry originates from citrus or apple peel from which it is extracted at low pH and high temperature and is primarily a homogalacturonan [5] . In products that naturally contain pectin, e.g., fruit and vegetables, important quality changes during storage and processing are related to changes in pectin structure. Native or added pectic enzymes can play an important role in these changes [6] (Figure 1 ).
Dihydropyrroles are important azaheterocycles with various biological activities [7] . For example, dihydropyrrole derivatives have been used as the inhibitors of bacterial peptide deformylase [8] , human mitotic kinesin Eg5 [9] , cardiac CAMP phosphodiesterase [10] , human immunodeficiency virus (HIV) integrase [11] , and vascular endothelial growth factor receptors (VEGFR) [12] . They are also useful intermediates in the synthesis of natural products6 and chemicals [13] . Thus, the development of efficient synthetic methodologies for novel dihydropyrroles has attracted tremendous interests in synthetic chemistry. Moreover, the dihydropyrrol-2-one unit is the core structure in a number of natural products [14] [15] [16] [17] . As a result, considerable efforts have been made for the synthesis of this important class of compounds [18] [19] [20] [21] [22] [23] [24] .
Recently, the most convenient methods have been reported for preparation of the dihdropyrrol-2-ones by means of domino reaction between amines, dialkyl acetylenedicarboxylates and aldehydes [25, 26] . With widespread applications and bioactivity, development of efficient approach to dihdropyrrol-2-ones in terms of mild reaction conditions, operational simplicity, and readily available material is still in demand.
Sweeney et al. reported the first preparation of 3,4-bistributylstannyl 2(5H)-furanones by reacting TBS as well as THP protected butynoate with hexabutylditin in the presence of PdCl 2 (PPh 3 ) 2 leading to substituted acrylate intermediate, which upon treating under a variety of conditions yielded desired furanone synthon [27] [28] [29] . More recently Mauro et al. described the construction of furanone system via ring-closing metathesis catalyzed by the first generation Grubbs' catalyst [30] . However, some of these catalysts suffer from the drawback of green chemistry such as prolonged reaction times, low yields, toxicity and recovery and reusability of the catalyst. Therefore, introducing clean processes and utilizing eco-friendly and green catalysts which can be simply worked-up at the end of reactions have been under permanent attention.
Therefore, In continuation to our greener method development program [31] [32] [33] [34] [35] [36] [37] ,we have found hetero polysaccharide pectin as a green catalyst which is cheap and easily available. We investigated its potential for catalyzing the synthesis of dihydro-2-oxopyrroles and 3,4,5-trisubstituted furan-2(5H)-ones (Scheme 1) and the results are presented in this paper. The process is remarkably simple, high yielding, highly efficient, time and energy saving. 
RESULTS AND DISCUSSION
The reaction of aniline, dimethylacetylendicarboxylate and formaldehyde was chosen as a model system for optimization the reaction conditions. The reaction was performed with different amount of solvent and catalyst. The results are summarized in table 1 and table2. Since we wanted to present a green and environmentally benign protocol for this experiment, we did not test any other organic solvents under these conditions. Next the reaction conditions were optimized for the synthesis of 3,4,5-trisubstituted furan-2(5H)-ones, the best results was found at ambient temperature with (0.05 g ) of pectin in H 2 O:EtOH (1:3).
The scope and efficiency of these procedures were explored for the synthesis of a wide variety of substituted dihydro-2-oxopyrroles and 3,4,5-trisubstituted furan-2(5H)-ones. A series of aromatic aldehydes and amines were investigated (Table 3) . Interestingly, a variety of aryl aldehydes and amines including electron withdrawing or releasing substituents (ortho-, meta-, and para-substituted) participated well in this reaction and gave the products in good to excellent yield. A proposed mechanism for the formation of 9a is shown in scheme 2. Pectin has many free carboxyl group that can active carbonyl group and accelerate the reaction procedure.
Scheme 2.
Proposed mechanism for the synthesis of dihydro-2-oxopyrroles in the presence of pectin as a green catalyst.
We also investigated the recycling of the catalyst at ambient temperature in aqueous media for the synthesis of3,4,5-trisubstituted furan-2(5H)-ones, using a model reaction of 4-methylbenzaldehyde, aniline and dimethyl acetylendicarboxylate. After completion of the reaction, 5 mL of water was added to the mixture. The pectin was dissolved in water and filtered for separation of the crude product. The separated product was washed with EtOH (3×2 mL) to give the pure products. In order to recover the catalyst, since pectin is soluble in water, the filtrate was extracted with diethyl ether. The aqueous layer (including pectin) was separated, and its solvent was evaporated under reduced pressure and pectin was recovered and reused. The catalytic system worked well up to five catalytic runs. The recovered catalyst was reused five times without any loss of its activities (Figure 2) . In order to assess the efficiency and generality of this methodology, the obtained result from this methodology has been compared with those of the previously reported methods (Table 4 ). It was found that the present method is convincingly superior to the reported methods with respect to reaction time and condition and yield of the product. According to the green chemistry law, If possible, synthetic methods should be conducted at ambient temperature and pressure to reduce the energy consume [38] . This methodology has been done at ambient condition for economic and environmental impacts. 
EXPERIMENTAL
Materials and Methods IR spectra were obtained on a JASCO FT/IR-460 plusspectrometer. Melting points were taken on an Electrothermal 9100 apparatus. Chemicals were purchased from Merck (Darmastadt,Ge rmany), Acros (Geel, Belgium) and Fluka (Buchs, Switzerland), and used without further purification.
General procedure for the synthesis of dihydro-2-oxopyrroles A mixture of amine 1 (1 mmol) and dialkyl acetylenedicarboxylate 2 (1 mmol) in H 2 O:EtOH (1:3) was stirred for 25 min. Next, amine 3 (1 mmol), formaldehyde 4 (37% solution, 1.5 mmol) and pectin (0.05 g) were added in successively. The reaction mixture was allowed to stir at ambient temperature for appropriate time. After completion of the reaction (monitored by TLC), the precipitate was filtered off and washed with ethanol (3× 2 mL) to give the pure product 5.
General procedure for the synthesis of 3,4,5-trisubstituted furan-
2(5H)-ones
A mixture of amine 6 (1 mmol) and dialkyl acetylenedicarboxylate 7 (1 mmol) , aromatic aldehyde 8 (1mmol) and pectin (0.05 g) in H 2 O:EtOH (1:3) was stirred at ambient temperature for appropriate time. After completion of the reaction (monitored by TLC), the precipitate was filtered off and washed with ethanol (3×2 mL) to give the pure product 9.
Characterization data of some compounds Methyl 2,5-dihydro-5-oxo-1-phenyl-4-(phenylamino)-1H-pyrrole-3-carboxylate (5a 
CONCLUSION
In summary, an eco-friendly and straightforward one-pot condensation for the synthesis of dihydro-2-oxopyrroles and 3,4,5-trisubstituted furan-2(5H)-ones in the presence of pectin as a highly effective, green, natural and biodegradable catalyst was reported. Pectin is inexpensive, clean, safe, nontoxic, and easy access. Moreover, this method has several other advantages such as, high yields, operational simplicity, reusable catalyst, clean and neutral reaction conditions, which makes it a useful and attractive process for the synthesis of a wide variety of biologically active compounds.
